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Abstract 
Vattenfall is a major operator on the energy market in Europe and have a broad portfolio of energy production from 
nuclear power, biomass and coal fired power plants together with a growing amount of wind turbines. Large research 
programs are looking into optimizing production and reducing environmental impact from the different units. It is 
Vattenfall vision to be CO2 neutral in the Nordic countries in 2030 and for the entire group in 2050. To obtain these 
goals Vattenfall is very active in developing technologies for carbon capture and storage (CCS). In Denmark Vattenfall 
operates three coal-fired power plants and a screening survey in 2007, matching power plant and storage site location – 
source sink matching - pointed towards Nordjyllandsværket near the city of Aalborg as the most obvious plant with 
safe onshore storage opportunities only 30 km away. It was decided to develop the project into a full scale demo 
project with post-combustion capture, pipeline transport and onshore storage in an aquifer. The whole project has been 
driven by a very firm time schedule in order to meet the 2015 deadline. When the CCS project on the Vattenfall 
operated power plant Jänschwalde in Germany was granted funding through the European Commission the CCS 
project at Nordjyllandsværket was turned into an early commercial project aiming at 2020 for commissioning. The site 
characterization is still ongoing on the Danish site. 
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1. Nordjyllandsværket 
The power plant, Nordjyllandsværket is located in Vodskov east of the city of Aalborg in the northern 
part of Jutland, Denmark, and the new high efficiency Unit 3 was commissioned in 1998 (Fig. 1). The 100 
% coal fired highly efficient power Unit 3 has a capacity of 375 MW has efficiency in condensing mode of 
47 %. Besides electricity the plant also produces district heat to the city of Aalborg, which results in an 
even higher efficiency of up to 90 % in back pressure mode. 
Capture is planned as a post combustion unit with capture of c. 90 % of the yearly emission of 1.8 
million tons of CO2 with transport in pipeline to the storage site some 30 kilometres towards west (Fig. 1) 
 
 
Figure 1. Locality map illustrating the location of Nordjyllandsværket and location of the possible storage site near the small city of 
Birkelse. 
2. Geological setting 
The storage site is the Vedsted structure located in the Fjerritslev Trough as a sub-basin in the 
Sorgenfrei-Tornquist Zone and the main reservoir is the regional Upper Triassic – Lower Jurassic Gassum 
Formation with an upside storage potential in the Middle Jurassic Haldager Sand Formation. Even larger 
storage potential may be present in the Lower Triassic Skagerrak Formation directly underlying the 
Gassum Formation in the Vedsted area. However, the storage potential of the Skagerrak Formation in the 
Vedsted area is not confirmed by drilling and the information is based on well data some distance towards 
the west and south of the storage site. A cross section of the Vedsted storage site is shown in Figure 2. 
The Gassum Formation is c. 250 m thick in the Vedsted area and contains two sandy intervals divided 
by c. 75 m thick interval of marine shales of the Fjerritslev Formation. This shale unit contains a few 
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sandstone layers with thickness of a few metres and is topped by 5 metre thick marine sandstone. The 
lower 140 m thick sandy unit of the Gassum Formation is interpreted as fluvial sandstone interbedded with 
lacustrine mudstones upward grading into shallow marine sandstones interbedded with marine mudstones. 
The upper 50 m thick sandy interval of the formation is interpreted as marine shoreface sand [1]. Well 
information indicates net to gross of 0.74 and sandstone porosity up to 20 % is estimated from core 
material [2]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
igure 2. Schematic cross section from east to west of the Vedsted storage site.  
Figure 2. Schematic cross section from west to east of the Vedsted structure. 
 
Primary cap rock of the Gassum reservoir is 
the regional and laterally uniform marine 
mudstones of the Fjerritslev Formation. At the 
storage site the cap rock is anticipated to be c. 
525 m thick. The seal for the secondary 
reservoir, Haldager Formation, is the 25–50 m 
tick Flyvbjerg Formation containing marine 
mudstones with intercalated siltstones and 
sandstones. The Flyvbjerg Formation is 
followed by a thick succession of c. 780 m of 
mainly marine mudstones from Børglum, 
Frederikshavn and Vedsted Formations. On 
top is the Chalk Group which is c. 400 m thick 
and may act as a secondary seal [1, 2] (Fig. 3). 
 
 
 
 
 
 
 
 
 
Figure 3. Simplified lithostratigraphic subdivision 
illustrating two storage possibilities, one in the Upper 
Triassic – Lower Jurassic fluvial and shoreface 
sandstones of the Gassum Formation, and one in the 
Middle Jurassic fluvial sandstones of the Haldager Sand 
Formation. The Gassum reservoir is overlain by 550 m 
of marine claystones of the Fjerritslev Formation 
providing an ideal seal. The Haldager Sand reservoir is 
overlain by several mudstone-dominated formations with 
a total of up to about 680 m of claystone. Approximately 
400 m of chalk constituting a secondary seal on top of 
the clay succession. Figure courtesy of GEUS. 
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3. Vintage data 
During an unsuccessful hydrocarbon exploration campaign in the 1950’s the Haldager Formation and 
the Gassum Formation was drilled in 1951 and 1958 respectively. Renewed exploration activity resulted in 
acquiring a sparse seismic grid in 1967 and supplied with two lines in 1983.  These vintage data formed the 
basic information for the initial input data for the site selection and storage capacity estimation. A regional 
study of the sequence has defined the geological setting [1]. 
On the basis of these vintage data mapping of storage sites and estimated storage capacity has been 
reported several places [2, 3] and by internal Vattenfall studies [4]. Storage capacity for the Vedsted site is 
estimated to be 160 million tons with sweep efficiency of 40 % and CO2 at reservoir conditions. 
4. Site Characterization 
A prerequisite for the entire CCS project is to prove that sufficient high-quality storage capacity will be 
available when needed. In the Vedsted case Vattenfall is following the risk based CO2Qualstore guideline 
to optimise the work and minimise the risk [5]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Outline of the 2D seismic acquired for Vattenfall by DMT in the autumn of 2008. 
 
To start the site characterization new seismic information was needed and acquired in the autumn of 
2008. More than 220 km of new 2D seismic (24 individual lines) were obtained in order to describe the 
regional setting and outline of the structure (Fig. 4). The new seismic survey confirmed the presence of 
structural closures at top of the reservoir intervals at Haldager Sand, Gassum and Skagerrak Formations 
levels. The seismic revealed that the top of the Gassum reservoir is located more southerly and to 
southwest than interpreted from the vintage 2D seismic lines. The seismic survey also confirmed the 
structural setting with bounding faults to northeast and southwest of the structure as well as the termination 
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upwards of minor faults at the base of the Cretaceous. The structure is mapped as a small ellipsoid closure 
with top Gassum Formation at 1780 m and thickness of c. 200 m (Fig. 5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Map of the near top Gassum Formation based on the newly acquired 2D seismic. Contour interval: 100 m. Structural 
closure ~50 km2. 
 
Updated reservoir models using ECLIPSE and based on oil industry standards has been created on the 
basis of this newly acquired seismic survey. Using the porosity and permeability parameters known from 
the old exploration wells, this modelling indicate that injectivity and storage potential is sufficient to meet 
the predicted emissions from Nordjyllandsværket of c. 1.8 million tons of CO2/year [6]. A continuously 
update of this geomodel will proceed as new information become available i.e. by new property modelling 
(Fig. 6) and by further studies of boundary conditions. In more detail near well reservoir studies including 
fluctuation flow studies is reported by [7]. The studies also simulate flow variations and phase behaviour in 
the pipeline and injection well. 
Ongoing and forthcoming studies are focusing on monitoring techniques by setting up base line studies 
for the Vedsted area based on work by the CO2GeoNet forum [8]. This includes a baseline for a soil gas 
flux and hydrologic modelling of the deep and shallow ground water. These are projects that will continue 
in the forthcoming years. Other types of ongoing work are investigation of the possibilities to gain good 
results with 4D seismic for monitoring. Since it can be very intrusive for the farmers with repeated seismic 
surveys this project is investigating the possibilities, to repeat selected 2D lines for monitoring. Also a 
continuously improvement of the seismic interpretations is ongoing, especially with focus on the spill point 
towards the northwest of the structure and closure of the structure towards the south by bringing in some 
seismic and well data from former hydrocarbon oil exploration campaigns. 
Vattenfall is also participating in the joint industry project CO2Wells; managed by DNV. The purpose 
of this project is to set up guide lines in a risk based concept for handling of old wells at possible CO2 
storage location. The old Vedsted-1 well has a TD in the Gassum reservoir and is only cased in the upper c. 
200 m and therefore represents a possible risk for leakage. The possible risk scenario and remediation of 
the well will be investigated in a satellite project to the CO2Wells project. 
Upcoming is an application to a Danish research fund in cooperation with two private companies 
working with geothermal energy in Denmark; Brix & Kamp Energy and Danish Geothermic, and the 
Danish Energy Association and Vattenfall. The study will focus on the possibilities to gain synergies in 
combining geological storage and exploitation of geothermal energy e.g. by looking into supporting 
technologies for joint use of wells and other facilities for both CO2 storage and geothermal energy 
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utilization and by developing CO2 injection strategies that will be advantageous for CO2 storage operation, 
and at the same time supportive for utilisation of geothermal waters. 
In Germany Vattenfall is well underway by developing a demonstration CCS project. At the 
Jänschwalde power plant, both Oxyfuel and Post-combustion CO2 capture will be demonstrated on a large 
scale. Different storage options are currently being investigated [9] and since the merger with NUON, 
Vattenfall also has CCS activities in the Netherlands.  
5. Conclusion 
A very important aspect of onshore geological storage of CO2 is an open and informative dialog with the 
local population. In the Danish case a contact group has been established and regular public information 
meetings have been held in the local community. The acceptance of the project in the local community is 
vital for conducting of onshore CCS projects. Next step in the site characterization would be 3D seismic 
survey covering the structure along with the drilling of an appraisal well for testing the reservoir, cap rock 
and unknown faults.  
The project was postponed in the autumn of 2009 due to the international financial conditions and 
because the German CCS project at Jänschwalde [9, 10] received funding from the EU. The Danish CCS 
project is now treated as an early commercial project with deployment in 2020 and a broad variety of 
research projects is ongoing with external research institutes and participation of staff from Vattenfall 
Research and Development. In Denmark this work is important to retain legal access to the storage site 
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Figure 6. This figure shows the porosity model 
for one layer in the modeled Gassum Formation. 
The variation in porosity is modeled for both the 
channel facies and the background mudplain. The 
light blue colors on the background mudplain 
indicates porosities around 10% while the most 
dark blue colors represents porosities 2-3%. The 
orange colors in the sandy channel facies 
symbolize porosities in the area of 30%, yellow 
colors about 25% and greenish colors indicates 
porosities around 20%. The fluvial sandstones in 
the upper Skagerrak Formation and lower 
Gassum Formation are probably deposited 
mainly by braided rivers and are therefore 
considered also to be relatively. However, it is 
likely that some of the fluvial sandstones are 
more locally developed and occur as incised 
valleys or broad channel belts smaller than the 
Vedsted structure 
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